This paper uses a dynamic version of Okun's Law to examine whether output growth is a useful indicator for predicting changes in unemployment rate in Greece at business-cycle frequencies. The analysis suggests that there is a stable and significant statistical relationship between lagged values of output growth and changes in unemployment rate. The estimate of the long-run Okun's coefficient indicates that over the last 13 years Greece has had an average response of changes in unemployment rate to changes in output of about 0.41, implying a ratio of 2.4-to-1. The developments in the Beveridge curve, since the eruption of the debt crisis, illustrate that a significant portion of actual unemployment seems to be structural in nature. Therefore, a reduction in unemployment will require not only a pick-up in aggregate demand but also structural reforms in the labour market which will make the economy competitive, boost economic growth and finally reduce long-term unemployment.
Introduction
In 1962 Arthur Okun published his paper on "Potential GNP" where he developed his model for the correlation between output and unemployment and therefore bears his name.
Okun found that for the United States one percent increase in unemployment was associated to a three percent decrease in output, which amounted to a regression coefficient of -0.33.
Thus, Okun's Law supposes a negative correlation between the unemployment rate and real output. Since then, the Law has been used as a rule of thumb and extensively investigated for many countries. Gordon (1984) estimated Okun's Law in the United States from 1954 to 1979 and concluded that the 3-to-1 ratio popularized by Okun's original work had decreased to 2-to-1. Using this relationship, he found that the trend output growth had declined significantly in the 1980s. Kaufman (1988) estimates the Okun's Law for six industrialized countries and finds that the cyclical response of unemployment rate differs significantly among countries. Prachowny (1993) examines the relationship between changes in unemployment and output in the United States, having derived the output gap from a production function, and concludes that the familiar 3-to-1 ratio is only 1.5-to-1. Moosa (1997) estimates the Okun's coefficient for the G7 countries and infers that the highest values are found for the Unites States and Canada, and the lowest for Japan. Lee (2000) evaluates the robustness of Okun's Law for 16 OECD countries. While the Okun relationship is valid for most countries, the estimates are far from uniform and depend on the specification of the model. Knoteck (2007) addressed the issue of the structural stability of the relationship between output and unemployment in the United States from 1948 to 2007. The analysis showed that Okun's Law was not a stable relationship and a part of the variation was related to the state of the business cycle. In addition, the contemporaneous relationship was weaker and the dynamic relationship was stronger.
In the aftermath of the global financial crisis, where output growth declined and unemployment rose in most of the industrial countries, a renewal for Okun's Law has been emerged. Neely (2010) claims that the unemployment rate in the United States tended to vary more for a given real output fluctuation than did that in other industrial countries. This situation reveals that the labor markets across countries have different structures, something which is depicted in the employment protection index compiled by the OECD, where the United States is ranked first, while France 25, among 30 countries. Daly and Hobijn (2010) argued that the deviation from the familiar Okun's 2-to-1 ratio, which was observed in the United States during 2009, was driven by an unusually strong growth in average labour productivity. Elsby et al. (2011) In the light of these developments, we focus on three basic questions. First, are changes in unemployment rate systematically related to changes in output, since Greece has joined the euro area? Second, is the unemployment-output link different in contractions and expansions? If the adjustments in unemployment are related to the state of the business cycle, then, by taking into account these asymmetries, an erroneous inference in hypothesis testing will be avoided, the forecast of unemployment will be improved and fiscal policy, mainly tax policy, and labour market institutions will be better designed. Third, is the recent increase in unemployment a cyclical phenomenon, or is there an indication that it is also related to structural factors and thus a pick-up in aggregate demand would not have the expected effect on unemployment?
The paper is organized as follows. Section 2 presents the stylized facts of output and unemployment in Greece. Section 3 discusses theoretical issues. Section 4 presents and discusses the regression results. Section 5 presents the Beveridge curve in Greece and relates its behavior with the results of Okun's Law, and Section 6 concludes. We have used data for real output, measured by the real GDP in constant prices, and the unemployment rate from 2000:Q1 to 2012:Q4, which have been obtained from the Hellenic Statistical Authority. 1 The unemployment rate is defined as the fraction of working-age population (15 to 74 years old) that, at the reporting week, it is not working or looking for a work, or it has obtained a job which will take over during the next three month. Since the data were not adjusted for seasonality, we have used the United States Census Bureau's X-12-ARIMA quarterly seasonal adjustment method. Figure 1 plots the levels of the two series.
On inspection, we observe that the output has steadily increased up to the second quarter of 2007, and then, as a result of the global financial crisis and the subsequent eruption of the Greek debt crisis, it has gradually declined. The unemployment, on the other hand, has decreased up to the second quarter of 2008, and since then it has steadily increased. In Figure 2 , we plot the growth rate of real output and the change in the unemployment rate.
1 The data for the unemployment rate are available from 1998. We have started our sample in 2000, a year before Greece joined the euro area, in order to account for the positive effects of imminent participation on macroeconomic environment. 
Theoretical issues Theoretical issues Theoretical issues Theoretical issues
The unemployment-output relationship is based on Okun's Law. This rule of thumb is a part of the traditional toolbox of macro-economic models in which shifts in aggregate demand cause movements in output, which in turn leads firms to demand labour, thus reducing unemployment. If the unemployment rate is below the natural rate of unemployment, inflation will rise, and vice versa. Thus, adapting Okun's Law to the nonaccelerating inflation rate of unemployment, the aggregate supply curve will be derived.
Let us start with a simple inverted linear production function which relates changes in employment (∆l) to changes in real output (∆y),
where small-case letters depict the logarithms of the corresponding variables, ∆ is the firstdifference operator, α is the average productivity of labour, and v is an error term which captures capital utilization and technological progress. Since movements in the growth rate of employment cause changes in unemployment rate in opposite direction, that is
where ω is an error term which captures the labour force participation, then, combining [3.1] and [3.2], we can derive a relationship between changes in unemployment rate and changes in real output, which reflects the growth rate version of Okun's Law:
where γ is the coefficient of the Law which is equal to β/α, and ε is the error term which includes the other inducement terms. The value of γ would be less than the value of the coefficient of equation [3.1], in absolute terms, for two reasons (Ball, et al. 2013) . First, if employment is costly to adjust to output fluctuations, because labour is regarded as a quasifixed factor, firms will accommodate aggregate fluctuations by adjusting either hours worked per employee or the work effort of employees which is reflected in larger increases in productivity. In this case, the coefficient of equation [3.1] would have a smaller size than its size implied by the parameter α of the production function. Second, an increase in employment by raising the return to job search, will increase the labour force participation.
In this case, changes in unemployment are less than proportional to changes in employment, and thus the coefficient β would be less than one. Apart from the growth rate version, there also exists the gap version, which relates the deviations of unemployment rate from its natural rate to deviations of real output from its potential level. Both versions of Okun's Law describe the static co-movements in output and unemployment. A dynamic specification of Okun's Law also includes lagged values of ∆u and ∆y. .
Empirical analysis Empirical analysis Empirical analysis Empirical analysis
We start our analysis by testing whether the variables concerned are stationary processes in order to avoid the spurious regression problem. We have used two types of unit root tests.
The first type employs five traditional statistics without structural breaks, while the second type uses two advanced tests, which account for structural breaks in the mean and trend of each time series. Table 1 reports the results from unit root tests. The ADF test, using a model with a mean, a linear trend and a quadratic trend shows that ∆u does not seem to contain a unit root. Elliot, et al. (1996) efficient ADF-GLS test, and Phillips and Perron (PP, 1988) test, using a model with a mean and linear trend, both provide similar evidence. These tests have also indicated that ∆y is a stationary process. The rejection of a unit root in both ∆u and ∆y is also established by Kwiatkowski et al. (KPSS, 1992) test, using a model with a mean. On the other hand, the LM test shows that the series concerned are not stationary processes. After allowing for a structural break, the LM test (Lee and Strazicich, 2004) has rejected the null hypothesis of a unit root. This finding is also supported by the test proposed by Perron (1989) . The discrete jump in ∆u at 2004Q1, which is identified as a break point, possibly reflects an outlier, while the break points at 2007Q2
and 2008Q1/Q3 capture changes in trends of ∆y and ∆u, respectively.
A preliminary analysis of the relationship between changes in unemployment rate and output growth has been conducted by looking at the co-movements of the two variables, using cross correlation analysis. We say that the output growth is leading by k quarters, is synchronous, or is lagging by k quarters the change in the unemployment rate, if the correlation coefficients:
, respectively, take on the largest value (in absolute terms) at that quarter. In addition, a positive and significant value indicates that the two variables are procyclical, a negative and significant value indicates that the two variables are countercyclical, and a number close to zero indicates that the two variables are uncorrelated. The results reported in Table 2 We set up the maximum lag length of p and q at 4 and use Akaike, Schwarz and HannanQuinn selection statistics to determine the optimal lag structure. The equation also includes crash and trend dummies, which capture the break dates determined by unit root tests. The analysis indicates that the trend dummy has deteriorated the performance of equation in terms of normality and is dropped out, whereas the crash dummy at 2004Q1 has improved all diagnostics and remains. We have also noted that the diagnostics of the model have been further improved, after including another crash dummy, which captures the jump of ∆u at 2011Q4. The three selection criteria suggest that the optimal lag lengths for p and q are 3 and 2, respectively. Therefore, the forecasting model we consider has the form:
Our primary focus is on output as the predictor variable in unemployment equation, which is examined by applying in-sample and out-of-sample Granger-causality tests, using HAC standard errors. The conventional in-sample Granger causality test uses an F-test for testing the null hypothesis that γ 1 =γ 2 =0. On the other hand, the out-of-sample Granger causality test, proposed by McCracken (2007) , compares the predictive ability of Okun's Law equation 
MSPE of its restricted version it will imply that output growth Granger causes changes in unemployment.
The estimated equation is reported in Table 3 . The diagnostic tests indicate that it is welldefined, as there is no serial correlation, functional misspecification, heteroscedasticity, while the estimated residuals are normally distributed. Figure 3 plots the actual and fitted values.
The model explains a significant part of unemployment variation. In the context of the backward-looking model [3.5], the Lucas Critique may apply with particular force, so it is important to gauge the historical importance of the unemployment equation with stability tests. The temporal stability of estimated equation is tested by means of the sup-Wald statistic, which has good power against other forms of parameter instability (Stock and Watson, 1998 Granger causality test. An empirical implication of these findings is that an analysis of unemployment variation based on models that ignore output growth will produce inadequate results. Table 5 reports Okun's coefficients. The sum of the lagged values of output growth is highly significant and is equal to -0.1753. This figure shows the short-run impact of output growth on changes in unemployment rate and constitutes the short-run Okun's coefficient.
On the other hand, the long-run Okun's coefficient is equal to -0.41, which is double the short-run coefficient. Thus, over the past 13 years, Greece has had an average response of unemployment rate to changes in output of about 0.41, implying a ratio of 2.4-to-1. Thus, for every 2.4 percent fall in output growth, the unemployment rate increased by 1 percent.
This long-run impact is different and more important than the short-run impact, because, after a negative demand shock, firms take time to lay off workers, as they there are uncertain whether the demand shock is temporary or permanent (Balakrishnan, et al 2010).
The temporal stability of unemployment equation implies that the relationship between unemployment and output may have not been different in expansions and recessions. It has been argued by various authors (Lee, 2000, Harris and Sylverstone, 2001; Silvapulle et al, 2004 ) that if changes in the unemployment rate respond differently to changes in output during upswings and downswings, then the symmetric specification will be misspecified. In An additional test of the dynamic Okun's Law is to determine the effects of an output growth shock on changes in unemployment rate in the context of a vector autoregressive (VAR) model. The maximum lag order is set at 4 and the three selection criteria choose a second-order VAR. In addition, the value of the LR test of the hypothesis that the first-order VAR is as good as the second-order VAR is equal to 19.3258, with a p-value of 0.000, indicating that the optimal lag length is two quarters. The two-equation system is well specified, as indicated by the portmanteau LB test (χ 2 (12)=45.0589, with a p-value=0.268) and Doornik-Hansen normality test (χ 2 (4)=2.6824, with a p-value=0.612). An in-sample Granger causality test indicates that output growth has not been significantly influenced by lagged changes in unemployment rate at 5 percent level (F(2,42)=2.8988 with p-value=0.07) and thus output is weakly exogenous with respect to unemployment. Figure 4 shows the response of changes in unemployment rate to a shock in output growth. As this graph illustrates, unemployment initially declines but the significant impact is felt with a time lag of about two quarters. Then, it gradually increases and becomes insignificant after the elapse of 10 quarters. This finding suggests that the negative persistent demand shock, which the Greek economy has experienced since the implementation of the adjustment programs, has driven output into a Great Recession and kept unemployment rate at a high level. In Figure 5 , the response of output growth to a shock in changes in unemployment rate is not statistically significant, which is in line with the evidence from in-sample Granger causality test. Figure 6 illustrates that unemployment innovations explain 60 percent of the forecast variance decomposition of ∆u, while output innovations explain only 40 percent. This finding may suggest that other factors, structural in nature, may explain a significant part of the behaviour of unemployment in Greece. The results we have obtained from the analysis of Okun's Law imply that over the last 13 years Greece has had an average response of changes in unemployment rate to changes in output of about 0.41, implying a ratio of 2.4-to-1, which is in the middle of the range of coefficients derived from other countries. Thus, a 2.4 percent fall in output growth is associated with an increase in unemployment rate by 1 percent. This empirical fact refers to cyclical unemployment which results from a slack in aggregate demand. If we exclude any asymmetries in the cyclical response of unemployment to changes in output in Greece, then how could we explain the fact that unemployment has increased more in the contraction phase of the business cycle than it has declined in the expansion phase. This fact may indicate that some other factors, which are structural in nature, appear to have played a significant role in the downswings. If the long-term unemployment rate had not increased, after the eruption of the debt crisis, then the current unemployment rate would have responded to output growth, according to the prediction of Okun's Law, and thus unemployment would have followed suit when the real economic activity peaked up.
However, the soaring in unemployment rate after the eruption of the crisis and the lack of asymmetries may indicate that structural factors are a major cause of the increase in unemployment in Greece. To shed some light on the nature of unemployment increase, we examine the relationship between the job vacancy rate (a measure of the supply of jobs) and unemployment rate (a measure of the demand for jobs). The link between the two variables is known as the Beveridge curve. Movements along this curve reflect cyclical developments, that is during a recession cycle job vacancies fall and unemployment rises. A rightward shift in the Beveridge curve indicates that, for a given vacancy rate, unemployment is higher.
Thus, the supply of jobs does not match with the demand for jobs. This situation shows a structural change in the labour market. , 2012) . These reforms would stimulate demand by cutting production costs relative to the rest of the euro area, thus constituting a mechanism for short-term macroeconomic stabilization. At the same time, they would affect the long-term supply side of the economy, leading to a reduction in structural unemployment. In this paper, we have presented empirical evidence about the relationship between output growth and future movements in unemployment rate at business-cycle frequencies in
Greece. The analysis indicates that there is a stable and significant statistical relationship between lagged values of output growth and changes in unemployment rate. The estimate of the long-run Okun's coefficient indicates that over the last 13 years Greece has had an average response of changes in unemployment rate to changes in output of about 0.41, implying a ratio of 2.4-to-1. This empirical fact refers to cyclical unemployment which results from a slack in aggregate demand. The developments in the Beveridge curve illustrate that a significant portion of actual unemployment is structural in nature. Therefore, the present analysis suggests that the reduction in unemployment below the threshold rate of 10 percent which determined in the Hellenic National Reform Programme 2012-2015 will require not only a pick-up in aggregate demand but also structural reforms in the Greek labour market which will make the economy competitive, boost economic growth and finally reduce long-term unemployment. Table 6 in McCracken (2007)). Table 5 Okun's Law Coefficients 1. Short-run effect 
